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Abstract
Background: The neurochemical effects of lithium in adolescents with bipolar disorder are largely
unknown. This study used proton magnetic resonance spectroscopy (1H MRS) to identify the in vivo
effects of lithium on myo-inositol (mI) concentrations in adolescent bipolar depression.

Methods: Twenty-eight adolescents (12-18 years old) with bipolar I disorder, current episode
depressed received open-label lithium 30 mg/kg, adjusted to achieve serum levels of 1.0-1.2 mEq/
L. Medial, and left and right lateral prefrontal mI concentrations were measured at baseline, day 7,
and day 42 of treatment. Changes in mI concentrations over time were analyzed.

Results: Significant main effects of time were observed for mI concentrations in the medial (p =
0.03) and right lateral (p = 0.05) prefrontal cortices. Baseline concentrations of mI were not
significantly different from day 7 or day 42 concentrations. However, mI concentrations on day 42
were significantly higher than those on day 7 (p = 0.02) in both regions.

Conclusions: This study demonstrates that prefrontal mI concentrations do not significantly
change from baseline following acute and chronic lithium treatment in adolescents with bipolar
depression. Further investigation of the effect of lithium on mI is warranted to better understand
possible mechanisms by which lithium exerts antidepressant activity.
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Introduction
While the neurophysiology of bipolar disorder as it progresses across the lifespan is largely
unknown, abnormalities within the phosphoinositol (PI) signaling pathway have been
hypothesized to underlie this condition. Supporting evidence for this hypothesis is that lithium,
a primary treatment for bipolar disorder, may exert its therapeutic effects by depleting neuronal
myo-inositol (mI) concentrations through the inhibition of inositol monophosphatase (IMPase)
(Berridge et al 1989; Hallcher and Sherman 1980), resulting in the downregulation of the PI
signaling pathway and dampening overactive neurotransmission. The “inositol depletion”
hypothesis proposed by Berridge et al (1989) may account for lithium’s mood stabilizing
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properties in acutely manic children and adolescents, in which mI concentrations have been
observed to be elevated compared to healthy subjects (Cecil et al 2002; Davanzo et al 2001;
Davanzo et al 2003). In contrast, mI concentrations in adult patients with bipolar depression
have been reported to be lower than or no different than mI concentrations in healthy subjects
(Dager et al 2004; Frey et al 1998; Silverstone et al 2005). To investigate the possibility of
state-dependent mI concentrations, preliminary comparisons of baseline brain mI
concentrations of bipolar depressed adolescents and a cohort of healthy subjects (DelBello et
al 2005) were conducted. The bipolar depressed group had higher mean baseline mI
concentrations in the medial, and left and right lateral prefrontal cortices, indicating that bipolar
disorder, independent of episode polarity, may be characterized by elevated prefrontal mI
concentrations.

There are relatively few proton magnetic resonance spectroscopy (1H MRS) studies of patients
with bipolar depression examining changes in brain mI concentrations with lithium treatment.
In a study of 12 bipolar depressed adults, Moore et al (1999) used single voxel spectroscopy
to evaluate the acute (5-7 days) and chronic (3-4 weeks) effects of lithium on mI concentrations
in the frontal, occipital, parietal, and temporal lobes. Concentrations of mI in the right frontal
lobe significantly changed over time. Frontal lobe mI concentrations were significantly lower
than baseline with acute lithium treatment, and this decrease persisted with chronic treatment
(Moore et al 1999). These differences did not maintain significance when appropriate
Bonferroni corrections for multiple comparisons were applied. No significant changes over
time in mI concentrations were observed in the occipital, parietal, or temporal regions (Moore
et al 1999). Friedman et al (2004) used proton echo-planar proton spectroscopy (PEPSI) to
examine mI concentrations in adults with bipolar depression who were treated with lithium for
approximately three months. Significantly higher regional gray matter mI concentrations at
follow-up were observed in lithium-treated patients compared with healthy subjects, although
the change in mI concentrations from baseline to follow-up in lithium-treated patients was
nonsignificant. The strength of the PEPSI approach used by Friedman et al (2004) is the ability
to simultaneously sample a larger region of interest (i.e., a slice, multiple slices or whole brain)
at high resolution with improved elimination of lipid signals from subcutaneous fat and bone
marrow over single voxel spectroscopy. However, the PEPSI approach is sensitive to inherent
distortions in the magnetic field (i.e., tissue interfaces, iron deposition, and blood) and can have
incomplete water suppression on short echo versions of the technique. These studies, although
different with regard to 1H MRS technique, suggest that brain mI concentrations in patients
with bipolar depression may not decrease with lithium treatment. To our knowledge, there are
no 1H MRS studies examining lithium effects on brain mI concentrations in adolescents with
bipolar depression.

1H MRS is a noninvasive technique that allows for the examination of the in vivo effects of
psychotropic medications on certain brain neurometabolites. It is important to develop a better
understanding of the neurochemical effects of lithium to gain insight into its potential
therapeutic mechanism of action as it is used as a treatment for pediatric bipolar depression
(Bhangoo et al 2003; Kowatch et al 2005). Furthermore, identifying neurochemical markers
of treatment response may lead to future studies that develop MRS methods, which guide
clinicians in tailoring pharmacological treatment regimens for individual patients in order to
achieve more favorable outcomes.

With these considerations in mind, we conducted a single voxel 1H MRS study similar to that
by Moore et al (1999) to examine the acute (7 days) and chronic (42 days) effects of lithium
treatment on brain mI concentrations in bipolar depressed adolescents. Assuming elevated mI
concentrations in bipolar depressed adolescents (as discussed above) and subsequent
normalization with lithium treatment, we hypothesized that prefrontal mI concentrations would
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decrease, corresponding with improvement in depressive symptoms. Our secondary aim was
to identify neurochemical markers of treatment remission.

Methods and Materials
This study was approved by the University of Cincinnati and the Cincinnati Children’s Hospital
Medical Center (CCHMC) institutional review boards. Adolescent subjects provided written
assent and their parents or legal guardians provided written informed consent for study
participation after study procedures were fully explained.

Subjects
Adolescents (12-18 years old) consecutively admitted to the inpatient Adolescent Medicine
Psychiatric Service at Cincinnati Children’s Hospital Medical Center (CCHMC), who met
DSM-IV criteria for a diagnosis of bipolar I disorder, currently depressed, were eligible.
Diagnoses were determined by using the Washington University in St. Louis Kiddie Schedule
for Affective Disorders and Schizophrenia (WASH-U-KSADS) by interviewers with
established diagnostic reliability (DelBello et al 2001; Geller et al 2001). Patients were also
required to have a Children’s Depression Rating Scale - Revised (CDRS-R; Poznanski and
Mokros 1995) total score = 40 and a Young Mania Rating Scale (YMRS; Young et al 1978)
total score < 20 at day 0. Patients were excluded by having depressive symptoms secondary
to substance intoxication or withdrawal, a diagnosis of substance abuse during the past 30 days
or lifetime substance dependence, (excluding nicotine), a diagnosis of mental retardation (IQ
< 70); a clinically significant or unstable medical or neurological disorder, or clinically
significant baseline laboratory abnormalities; pregnancy or sexual activity without reliable use
of an effective form of birth control; a history of hypersensitivity or intolerance to lithium; or,
any contraindication to having a magnetic resonance imaging or 1H MRS scan. Patients were
also excluded if they had treatment with antidepressants (fluoxetine within 1 month),
antipsychotics, or mood stabilizers within 1 week, or benzodiazepines or psychostimulants
within 72 hours. No patient was discontinued from treatment upon which he/she was stable
for a wash-out period in order to determine if he/she met inclusion criteria. Nineteen (68%)
patients had exposure to psychotropic medications in the past 6 months; the mean duration of
time off psychotropic medications prior to the start of the study was 18.0 days (SD = 31.4).

After meeting study criteria, all subjects received an initial lithium carbonate dose of 30 mg/
kg/day (BID dosing) up to a maximum starting dose of 1200 mg/day (600 mg BID) on day 0.
Serum lithium levels were obtained at day 7, 14, 21, and 42 or more frequently as necessary,
and lithium dosing was adjusted to achieve a therapeutic serum level of 1.0-1.2 mEq/L.
Adjunctive psychotropic medications were not permitted during the study, with the exception
of adjunctive lorazepam (maximum of 2 mg/day; not within 72 hours of scanning). Only 1
subject required lorazepam 0.5 mg at bedtime on 2 occasions.

Severity of depressive and manic symptoms was evaluated using the CDRS-R (Poznanski and
Mokros 1995) and the YMRS (Young et al 1978), respectively. Overall level of improvement
at each visit after initiation of lithium treatment was assessed using the Clinical Global
Impressions Improvement Scale for Bipolar Disorder (CGI-BP) (Spearing et al 1997). Efficacy
and safety ratings were performed at baseline and weekly thereafter until day 42 or termination
from the study. Clinical remission was defined as a CDRS-R endpoint score = 28 (Emslie et
al 2002) and a CGI-BP Improvement score of 1 or 2 (Spearing et al 1997). Complete details
of the clinical aspects of this study have been published elsewhere (Patel et al 2006).
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1H MRS Procedures
All subjects underwent a 1H MRS scan at baseline, prior to receiving medication and on days
7 and 42 or termination from the study. The scans on days 7 and 42 were performed in order
to differentiate between the acute biochemical and longer-term antidepressant effects of
lithium, respectively. Biochemical differentiation may possibly arise from the PI system and
allied systems adjusting for the inhibitory effects of lithium on IMPase and other related
enzymes. 1H MRS was acquired on a 1.5 T Magnetic Resonance scanner (Signa LX, General
Electric Medical Systems, Milwaukee, WI). For each subject, a three-plane echo localizer was
performed. An axial three-dimensional, inversion recovery prepped, fast spoiled gradient echo
(3D IR FSPGR) was also acquired [TE=5.4 msec, TR=12.5 msec, inversion time (TI)=300
msec, FOV = 24 cm, 1.5-mm thick with contiguous slices] in order to provide an anatomic
template for MRS voxel placement. Single voxel spectra were prescribed from the axial 3D
IR FSPGR series based upon anatomical landmarks (see below). In the event a subject moved
or needed to be removed from the scanner, a relocalization imaging sequence was performed.
Three single voxels, each approximately 8 cubic centimeters (cm3) in volume, were positioned
in the medial prefrontal cortex (predominately gray matter) and in the left and right lateral
prefrontal cortices (predominately white matter). An experienced spectroscopist (KMC)
positioned voxels in order to ensure consistent placement and to avoid signal artifacts from the
orbits. To address potential variability in voxel relocalization, the position of each subject’s
head was noted using the angle of the interpupillary line, which was compared with the
transverse landmark light on the scanner. The outer canthus and external auditory meatus were
aligned with the transverse landmark light on the scanner and the position of the intersection
with the longitudinal light along the midline (typically on the nose) to determine the angle of
head flexion-extension. Head motion was minimized by comfortably securing subjects’ heads
with padding within the quadrature head coil (DelBello et al 2005).

The medial prefrontal (predominately gray matter) voxel included the orbital frontal, middle
frontal and cingulate gyri, corresponding to Brodmann areas 9, 10, 24, 32, and 47 (Cecil et al
2002). The lateral prefrontal (predominately white matter) voxels were positioned at the same
level as the medial prefrontal voxel (Figure 1). The level was chosen such that the inferior
portion of the lateral prefrontal white matter voxels would not include the orbital gyri. The
lateral prefrontal white matter voxels were positioned lateral to Brodmann areas 10, 45, and
46 (Cecil et al 2002). Single voxel magnetic resonance spectroscopy was acquired with the
proton brain examination (PROBE) software (General Electric Medical System, Milwaukee,
WI) using a point resolved spectroscopy acquisition mode (PRESS) sequence (TE = 35 msec,
TR = 2 seconds with 64 averages) and with automatic shimming to achieve water line widths
of <5 Hz (Figure 2). A reference spectrum, acquired within the PROBE acquisition, collected
16 acquisitions of unsuppressed water signal for eddy current and baseline corrections.

Data were processed using the Linear Combination (LC) Model program, which is a
commercially available, user-independent frequency domain spectral-fitting program that
provides measures of metabolite concentrations (Provencher 1993) and uses the water
reference signal as an internal standard. The program uses in vitro spectra of the expected
metabolites as model functions. Concentrations of mI, choline (Cho), creatine/phosphocreatine
(Cr), and glutamate/glutamine (Glx) were determined in each spectrum. The concentrations
are reported in institutional units (IU), rather than millimolar levels since corrections for field
and coil inhomogeneities as well as T1 and T2 relaxation effects are not accounted for due to
the excessive examination times required to determine such effects. However, metabolite
concentrations were adjusted for amount of cerebral spinal fluid (CSF) in each voxel (Cecil et
al 2002). Specifically, the LC Model software determines the metabolite concentrations
assuming a parenchymal volume as prescribed (8 cm3). To compensate for the parenchymal
assumption, we used a K-means segmentation algorithm employed for analysis of the
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volumetric FSPGR sequence incorporated into custom software to determine gray, white and
CSF contributions to each voxel for each subject for each scan. We then applied a scale factor
based upon the ratio of volume of CSF to total volume and adjusted each metabolite
concentration accordingly (DelBello et al 2005). For inclusion in the data analysis, a metabolite
Cramer-Rao bound had to be less than 10. The mI mean values for the three voxels were
approximately 7.

Statistical analyses
All analyses were performed using the Statistical Analysis System (SAS) for the PC (SAS
Institute, Cary, NC, 1999) and significance was defined a priori as p=0.05 unless otherwise
specified. Changes over time in mI concentrations within each voxel of interest were examined
within the bipolar depressed adolescents using likelihood-based mixed-model repeated
measures analysis of variance (SAS PROC MIXED). This method of longitudinal data analysis
utilizes all available data, handles missing data more appropriately than last observation carried
forward (LOCF) repeated measures analysis of variance, properly accounts for correlation
between repeated measurements on the same subject, and demonstrates greater flexibility to
model time effects. Likelihood-based mixed-effects models avoid biased treatment estimates
that might be introduced with LOCF analyses (Gueorguieva and Krystal 2004). Post hoc paired
t-tests with corrections for multiple comparisons were performed to identify differences in mI
concentrations between time points; significance for these post hoc comparisons was p=0.02
(0.05/3). Within-group effect sizes for change in mI concentrations at days 7 and 42 from
baseline were determined using Cohen’s d (Cohen 1988). Pearson correlation coefficients were
computed to identify statistically significant associations among change in mI concentrations
and CDRS-R and YMRS scores.

To examine the effects of categorical symptom resolution on 1H MRS measures, the bipolar
depressed adolescent sample was categorized into remitters and non-remitters. The same
analyses described above were conducted comparing these respective groups, and differences
in baseline mI concentrations were evaluated using Student’s t-tests. Descriptive statistics for
the mean (SD) concentrations of Cho, Cr, and Glx within each voxel of interest are reported.
Other analyses were performed as necessary.

Results
Fifty-three patients were screened for this study. Sixteen patients did not meet diagnostic
criteria for bipolar I disorder, depressed, 3 refused to participate, and 1 had a seizure disorder
and substance use disorder. Two patients with braces (a contraindication to having a 1H MRS
scan) were also excluded. Three of the 31 patients who enrolled did not start lithium treatment
because of a baseline YMRS total score of 25 (n=1) and claustrophobia during the baseline
MRS scan (n=2). Therefore, a total of 28 patients who started lithium treatment had at least
1 1H MRS scan and provided data for the repeated measures analyses evaluating change over
time in mI concentrations. Two (7%) patients did not have day 7 and day 42 scans, and 3 (18%)
patients did not have day 42 scans. Data from these 5 patients were excluded only from the
correlation analyses of change in mI concentrations and CDRS-R scores at respective
timepoints.

The majority were female (82%) and white (79%), with a mean age of 15.5 years (SD = 1.5).
The mean self-rated Tanner score was 4.4 (SD = 0.7). The mean age at onset was 11.4 years
(SD = 4.0, n = 26). Six (22%) patients presented with psychosis, and 15 (54%) patients had a
comorbid disruptive behavioral disorder, including 7 (47%) with attention-deficit hyperactivity
disorder (ADHD). Baseline mean CDRS-R and YMRS scores were 63.2 (SD = 12.6) and 15.0
(SD = 6.9), respectively.

Patel et al. Page 5

Biol Psychiatry. Author manuscript; available in PMC 2007 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



A significant main effect for time was observed for CDRS-R scores (F6, 130 = 19.3, p < 0.001)
(Figure 3), with mean scores at all weeks significantly lower than that at baseline (p < 0.001).
Eight patients (29%) achieved remission; there were no significant demographic or clinical
(including mean maximum and endpoint serum lithium levels) differences between remitters
and nonremitters. No significant main effects for time were observed for YMRS scores
(F6, 130 = 1.7, p = 0.1).

1H MRS: Total Sample
In the medial prefrontal cortex, a significant main effect for time was observed for mI
concentrations (F2,47 = 3.8, p = 0.03) (Table 1, Figure 3). Baseline mI concentrations did not
significantly differ from day 7 or day 42 concentrations. Concentrations of mI on day 42 were
significantly higher than those on day 7 (t = 2.5, p = 0.02). A significant main effect for time
was also found in right lateral prefrontal mI concentrations (F2,47 = 3.2, p = 0.05). Baseline mI
concentrations did not significantly differ from day 7 or day 42 concentrations, but mI
concentrations on day 42 were significantly higher than those on day 7 (t = 2.5, p = 0.02). No
significant main effect for time was seen in left lateral prefrontal mI concentrations (F2,46 =
0.7, p = 0.5). When the 5 patients who had missing scan data were excluded from these analyses,
a significant main effect for time was observed only in medial prefrontal mI concentrations
(F2,44 = 3.6, p = 0.04).

Change in mI concentrations in the medial prefrontal cortex from baseline to day 7 did not
correlate with change in CDRS-R scores over the same period (p = 0.2). Change in mI
concentrations in the medial prefrontal cortex from day 7 to day 42 was significantly correlated
with change in CDRS-R scores from day 7 to day 42 (r = 0.4, p = 0.04). No significant
relationship was found between change in serum lithium levels and medial prefrontal mI
concentrations from day 7 to day 42 (p = 0.3). Change in mI concentrations in the right lateral
prefrontal cortex did not correlate with change in CDRS-R scores (baseline to day 7: p = 0.3;
day 7 to day 42: p = 0.4) or serum lithium levels (day 7 to day 42: p = 0.9).

Table 2 shows the mean (SD) concentrations of Cho, Cr, and Glx at baseline, day 7, and day
42 in the medial, and left and right prefrontal cortices.

1H MRS: Remitters versus non-remitters
No significant interactions for time by remission status were observed with regard to mI
concentrations in the medial prefrontal cortex (F2,45 = 1.3, p = 0.3), and the left (F2,44 = 0.4,
p = 0.7) and right (F2,45 = 0.3, p = 0.8) lateral prefrontal cortices. At baseline, mI concentrations
in the medial prefrontal cortex were significantly lower for remitters compared to non-remitters
(t = 3.3, p = 0.003) (Table 3). There were no differences in baseline left (p = 0.5) and right (p
= 0.4) lateral prefrontal mI concentrations based upon remission status. Day 7 and day 42 mI
concentrations in all voxels of interest did not differ between remitters and non-remitters (p >
0.1 for all comparisons). In remitters, change in mI concentrations from day 7 to day 42 in the
medial and right lateral prefrontal cortices significantly correlated with change in CDRS-R
scores during the same timeframe (r = 0.7, p = 0.04 and r = 0.7, p = 0.05, respectively).

Discussion
The results of this 6-week 1H MRS study of adolescents with bipolar depression show that
lithium administration does not result in significant changes from baseline in mI concentrations
in the medial, and left and right lateral prefrontal cortices. Concentrations of mI in the medial
and right lateral prefrontal cortices at day 42 were significantly higher than those at day 7.
These findings suggest that the “inositol depletion” hypothesis may not be the mechanism of
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action of lithium in patients with bipolar depression, which is consistent with the Bonferroni
corrected results of Moore et al (1999) as well as those reported by Friedman et al (2004).

A potential explanation for the observed increase in mI concentrations in the medial and right
lateral prefrontal cortices with chronic lithium treatment (day 7 to day 42) may be the up-
regulation of IMPase activity. Studies in rat brains have reported increased IMPase activity
with lithium in the cerebral cortex (Renshaw et al 1986), as well as other brain regions,
including the hippocampus, cerebellum, and striatum (Parthasarathy et al 2003). Kaya et al
(2004) recently reported increased erythrocyte IMPase activity in euthymic patients on chronic
lithium monotherapy compared to nonlithium treated euthymic patients and healthy subjects.
Although no difference in leukocyte IMPase activity between the subgroups existed, leukocyte
IMPase activity and duration of lithium treatment was positively correlated. It should be noted,
however, that the sample in the study conducted by Kaya et al (2004) included only 8 (13%)
bipolar depressed patients, the mean duration of lithium treatment was 30.4 months (SD =
24.6), and mI brain concentrations were not measured simultaneously with IMPase activity.
Increased IMPase activity, in conjunction with increased IMPase mRNA levels seen with
lithium (Nemanov et al 1999), suggests that chronic lithium treatment may result in the up-
regulation of IMPase activity. In turn, this would result in increased dephosphorylation of
inositol monophosphates to produce mI (Silverstone et al 2005).

The onset of clinical improvement in adults with bipolar depression occurred after 5 to 7 days
of lithium treatment (Moore et al 1999). In contrast, the greatest degree of improvement in
severity of depressive symptoms, indicated by the change in CDRS-R scores, occurred during
the first week of treatment in the current study. This rapid improvement may be partially
explained by hospitalization because there was no significant decrease in medial prefrontal mI
concentrations from baseline to day 7 and no significant correlation in change in medial
prefrontal mI concentrations and CDRS-R scores. However, our findings do suggest that
increases in mI concentrations with chronic lithium treatment may still correspond with
therapeutic benefit. As seen in Figure 2, group mean mI concentrations in medial prefrontal
mI concentrations from day 7 to day 42 paralleled continued decreases in group mean CDRS-
R scores. In support, preliminary studies of exogenous inositol have demonstrated
antidepressant effects in unipolar and bipolar depression (Levine et al 1995; Chengappa et al
2000), although more research is clearly needed to address this treatment approach. It should
be noted, however, that our correlation analyses indicated that changes in medial prefrontal mI
concentrations and CDRS-R scores from day 7 to day 42 were positively correlated. Upon
detailed examination of the data to determine possible reasons for this unexpected correlation,
it was observed that individual patients with smaller increases in medial prefrontal mI
concentrations had larger decreases in CDRS-R scores from day 7 to day 42.

Our results also suggest that lower baseline mI concentrations in the medial prefrontal cortex
may predict lithium remission. Because the remission rate was relatively low (29%), this
finding should be interpreted with caution. While the use of 1H MRS in routine clinical practice
is not established, knowledge of neurochemical predictors of remission with pharmacological
treatments may eventually provide a means to identify a specific agent that when administered,
would improve the overall prognosis of specific adolescents with bipolar disorder.

The study’s results should be viewed in the context of its limitations. First, the lack of a healthy
comparison group did not allow for the assessment of normal variability in mI concentrations
over the 42-day study period and between time points. In our study examining the
neurochemical effects of olanzapine on brain metabolites, healthy subjects did not show
significant variation over 28 days in mI concentrations (DelBello et al 2005). The data
acquisition for the DelBello et al (2005) study was concurrent and on the same MRS scanner
as the current study. Second, nonsignificant core findings in our study may be explained by a
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lack of statistical power in the available sample. Analyses based upon remission status may
not have been adequately powered as these analyses were considered secondary. Third, the
short washout period may have confounded the results, as prior use of certain psychotropic
medications, such as divalproex sodium, may have effects on brain mI concentrations (Moore
et al 2000; Silverstone et al 2002). Fourth, quantifying brain mI concentrations with 1H MRS
results is inherently confounded due to spectral overlap between mI, inositol monophosphates,
and glycine. In the current study, increases in the mI peak seen with chronic lithium treatment
in the medial prefrontal cortex, which is predominantly gray matter, may be partially
attributable to increases in inositol monophosphates (O’Donnell et al 2003; Renshaw et al
1986) and glycine (Deutsch et al 1983). The use of higher strength spectroscopy systems with
increased spectral dispersion and sensitivity may resolve this issue of co-resonance and to
provide a clearer picture of lithium’s possible mechanism of action. In addition, the TR was
short (2s), which may have confounded mI quantification because the water signal was not
fully relaxed. A prior study we conducted in adult bipolar disorder patients (Cecil et al 2002)
used an extended TR of 5s. This did not improve our quantification, but rather it limited our
ability to sample in other areas of interest implicated in bipolar disorder. Finally, we
investigated the effects of lithium on neurometabolites in the medial prefrontal cortex, and left
and right lateral prefrontal white matter including some inevitable contributions from the
cortex. Future studies should investigate other specific regions in which mI has been implicated
in the neurophysiology of bipolar disorder, such as the dorsolateral prefrontal cortex (Frey et
al 2005), anterior cingulate cortex (Davanzo et al 2001; Davanzo et al 2003), and basal ganglia
(Sharma et al 1992). Despite these limitations, this is the first 1H MRS study in adolescents
with bipolar depression examining the longitudinal effects of lithium treatment on mI
concentrations in the prefrontal cortex.

In conclusion, acute and chronic lithium treatment in adolescents with bipolar depression may
not significantly change prefrontal mI concentrations compared to baseline values, arguing
against the “inositol depletion” hypothesis. Up-regulation in IMPase activity secondary to
continued lithium administration may lead to increases in brain mI concentrations. Further
investigation of the neurochemical effects of lithium on mI is warranted in studies with larger
samples of adolescents with bipolar depression and a healthy comparison group in order to
better understand possible mechanisms behind lithium’s antidepressant activity.
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Figure 1.
Medial, and left and right prefrontal cortex voxel placement
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Figure 2.
Short echo time (TE = 35 msec) proton magnetic resonance spectrum acquired within the
medial prefrontal cortex of a 12 year old, male patient*
*Cho = choline, Cr = creatine/phosphocreatine, Glx = glutamate/glutamine, mI = myo-inositol,
NAA = N-acetyl aspartate.
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Figure 3.
Change over time in medial prefrontal mI concentrations and CDRS-R scores*†‡ *CDRS-R =
Children’s Depression Rating Scale, Revised; IU = institutional units of concentration; mI =
myo-inositol. †Significant main effects for time: mI (p = 0.03), CDRS-R (p < 0.001). ‡mI: day
42 different from day 7 (p = 0.02), CDRS-R: days 7-42 different from day 0 (p < 0.001).
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Table 2
Mean concentrations of Cho, Cr, and Glx at baseline, day 7, and day 42 (n = 28)*

Neurometabolite Voxel Mean (SD) Concentrations in IU

Day 0 Day 7 Day 42

Cho Medial prefrontal cortex 1.3 (0.2) 1.4 (0.2) 1.4 (0.2)
Left lateral prefrontal white matter 1.7 (0.2) 1.7 (0.2) 1.7 (0.3)
Right lateral prefrontal white matter 1.6 (0.2) 1.7 (0.2) 1.7 (0.3)

Cr Medial prefrontal cortex 5.5 (0.5) 5.4 (0.5) 5.6 (0.5)
Left lateral prefrontal white matter 4.6 (0.6) 4.4 (0.6) 4.5 (0.6)
Right lateral prefrontal white matter 4.4 (0.6) 4.3 (0.7) 4.6 (0.7)

Glx Medial prefrontal cortex 12.3 (1.3) 12.8 (1.3) 13.2 (1.4)
Left lateral prefrontal white matter 8.9 (1.3) 8.6 (1.4) 8.9 (1.5)
Right lateral prefrontal white matter 9.5 (1.5) 9.4 (1.5) 9.3 (1.6)

*
Cho = choline, Cr = creatine/phosphocreatine, Glx = glutamate/glutamine, IU = institutional units; SD = standard deviation.

Biol Psychiatry. Author manuscript; available in PMC 2007 November 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Patel et al. Page 16

Table 3
Comparison of baseline mI concentrations between remitters (n = 8) and non-remitters (n = 20)*

Mean (SD) Concentrations in IU

Remitters Non-remitters p-value Effect size

Medial prefrontal cortex 4.6 (0.2) 5.0 (0.5) 0.003 0.9
Left lateral prefrontal white matter 4.3 (0.7) 4.6 (1.2) 0.5 0.3
Right lateral prefrontal white matter 4.1 (0.7) 4.3 (0.5) 0.4 0.4

*
IU = institutional units; mI = myo-inositol; SD = standard deviation.
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